Abstract: A novel element provides reflection band ratios as low as 1.1. It is derived from the double square but is less demanding on printing definit ion. Together, the two elements offer increased flexibility in frequency selective surface design for close band applications. Substrate loss effects are also discussed.
Frequency selective surfaces (FSSs) using the double square loop patch element shown in (Fig. I) , which generates FSS with the first main resonance at about 6GHz. The supporting substrate was again 0.03mm thick and  r = 3.0. The dimensions D 2 of the internal subelement were varied to alter the clearances g between the inner and outer squares. The results are given for a set of six designs, in which g ranges from 0.2 to 1.5mm. The width of the conductors W l and W 2 was equal to the smallest of these spacings, 0.2mm. In the convoluted double square (CDS) the stub on each side had dimensions G = 0.6mm with the length H = 3.0mm.
As might be expected, the first resonant frequency f r1 is practically independent of the inner square dimension D 2 , especially for the double square element (DSL), whereas the second resonant frequency increases with increasing conductor clearance.
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The ratio f r2 /f rl varies from ~1.4 to 2.3 for the double square, but is significantly less for the convoluted designs. For those elements, the second reflection null merges with the first for design 1 where the clearance g is 0.2mm, but for the higher values the ratio is in the range 1.1 to -1.4. These values are quite stable to the angle of wave incidence to beyond 30. Between them therefore, the two designs cover a useful sequence of band separations. But to achieve the value of 1.4, the double square requires the small 0.2mm clearance and demands much more accurate etching to achieve the required line definition, whereas in the convoluted design g is much wider i.e. 1.5mm. Table 1 also gives values for the fractional widths of the reflection bands. They refer to the -10dB levels. Generally the widths for the double square are slightly greater except for design 1 where the two nulls have merged in the case of the convoluted square, and for both elements the first null is wider than the second. The values are almost independent of g for the double square, but for the convoluted design the first null steadily widens while the second narrows as g is increased. Overall, the bandwidths for the latter element range from -10 to 25%, a capability which is typical of single layer resonant element FSS. We conclude, therefore, that this new convoluted geometry offers enhanced flexibility in the design of FSS for close band separation, but high quality substrate materials must be used.
